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RESEARCH ARTICLE Open Access
Are freestanding midwifery units a safe
alternative to obstetric units for low-risk,
primiparous childbirth? An analysis of
effect differences by parity in a matched
cohort study
Louise Fischer Christensen1,2* and Charlotte Overgaard1
Abstract
Background: Intrapartum complications and the use of obstetric interventions are more common in primiparous
childbirth than in multiparous childbirth, leading to concern about out of hospital birth for primiparous women.
The purpose of this study was to determine whether the effect of birthplace on perinatal and maternal morbidity
and the use of obstetric interventions differed by parity among low-risk women intending to give birth in a
freestanding midwifery unit or in an obstetric unit in the North Denmark Region.
Methods: The study is a secondary analysis of data from a matched cohort study including 839 low-risk women
intending birth in a freestanding midwifery unit (primary participants) and 839 low-risk women intending birth in
an obstetric unit (individually matched control group). Analysis was by intention-to-treat. Conditional logistic
regression analysis was applied to compute odds ratios and effect ratios with 95% confidence intervals for matched
pairs stratified by parity.
Results: On no outcome did the effect of birthplace differ significantly between primiparous and multiparous
women. Compared with their counterparts intending birth in an obstetric unit, both primiparous and multiparous
women intending birth in a freestanding midwifery unit were significantly more likely to have an uncomplicated,
spontaneous birth with good outcomes for mother and infant and less likely to require caesarean section,
instrumental delivery, augmented labour or epidural analgesia (although for caesarean section this trend did not
attain statistical significance for multiparous women). Perinatal outcomes were comparable between the two birth
settings irrespective of parity. Compared to multiparas, transfer rates were substantially higher for primiparas, but
fell over time while rates for multiparas remained stable.
Conclusions: Freestanding midwifery units appear to confer significant advantages over obstetric units to both
primiparous and multiparous mothers, while their infants are equally safe in both settings. Our findings thus
support the provision of care in freestanding midwifery units as an alternative to care in obstetric units for all
low-risk women regardless of parity. In view of the global rise in caesarean section rates, we consider it an
important finding that freestanding midwifery units show potential for reducing first-birth caesarean.
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Background
It is well established that primiparous childbirth differs
in many respects from multiparous childbirth. Com-
pared to multiparous women, primiparas have longer
labours [1–3], are at an increased risk of intrapartum
complications [4–7] and undergo substantially more
obstetric interventions [8–11]. The use of interventions,
especially assisted vaginal delivery and unplanned cae-
sarean delivery, has been found to have a negative
impact on women’s birth experience, which may partly
explain why primiparous birth experiences are more
negative [12–14].
Recent decades have seen a major rise in overall
caesarean section rates worldwide [15–17]. In Denmark,
the caesarean section rate has thus increased from 13.1%
in 1997 to 22.4% in 2013 and have since stabilised at this
level [18]. Several newer observational studies provide
evidence that the greatest contributor to this develop-
ment is a sharp increase in caesarean delivery among
low-risk primiparous women, leading to a subsequent
increase in repeat caesarean sections [19–27]. This trend
should be seen in light of the progressive increase in
hospitalised childbirths witnessed in most high- and
middle-income countries over the last century. Thus,
the vast majority of women today give birth in increas-
ingly centralised and specialised obstetric units (OUs)
[28, 29]. The overriding reason for this is a concern with
safety. Hospitalisation and the centralisation of child-
birth, however, have coincided with a steady increase in
obstetric intervention rates that have far exceeded clinic-
ally indicated levels [28–30], suggesting that OUs may
not always provide an optimal setting for uncomplicated
deliveries.
To counterbalance the predominantly technological
and medical approach in OU settings, alternative birth
settings such as freestanding midwifery units (FMUs)
have been introduced, providing women with a choice of
birthplace. Overall, FMUs offer individualised, low-
technological care encouraging spontaneous, vaginal
birth without routine intervention to low-risk women,
often in a family-friendly environment close to home
[31]. Specialist care is typically not readily available and
requires transfer by ambulance to an OU. This, in par-
ticular, has given rise to a debate over safety [32–35]. As
acute obstetric and/or neonatal complications cannot be
excluded, even with careful risk assessment, concern has
been voiced that untimely transfers may cause a critical
delay in the access to specialised, obstetric care [32, 36].
However, there is increasingly strong evidence that
care in an FMU can offer benefits for women with
low-risk pregnancies and is safe for both the woman
and infant [8, 37–43].
In the Danish birth centre study of care in FMUs
versus OUs, we have previously found that low-risk
women intending birth in an FMU had significantly
lower morbidity and were significantly less likely to
require obstetric intervention compared with low-risk
women intending birth in an OU. Moreover, no signifi-
cant differences in perinatal outcomes were found [37].
These findings have been confirmed by the landmark
Birthplace in England research programme [8]. Yet,
our systematic search of the literature identified only
two studies that have investigated whether these effects do
also apply to primiparous women [8, 44]. The available
evidence suggests that, regardless of parity, care in an
FMU is safe for the infant and offers benefits for
the mother.
Due to the high rate of obstetric complications and
interventions among primiparas, as compared to multi-
paras [4–11], care in FMUs for this group of women
is particularly controversial. Safety concerns have been
expressed, especially over the considerably higher
transfer rates from FMUs to specialised obstetric units
for primiparous women [36, 37, 45, 46]. One study in
particular reported a higher incidence of urgent transfers
among primiparas [36]. The suitability of care in FMUs
for this group of women can thus be questioned and,
accordingly, not all FMUs accept primiparous women
[47]. Further evidence is therefore needed.
This study is based on data from the Danish birth
centre study comparing FMU and OU settings for birth
[37]. Our aim was to determine whether the effect of
birthplace on perinatal and maternal morbidity, birth
interventions, use of pain relief and birth positions
differed by parity among low-risk women intending to
give birth in an OU or FMU in the North Denmark
Region. Given the reported large differences in transfer
rates between primiparas and multiparas, we moreover
aimed to describe transfer patterns for the two groups.
Hypotheses
Based on the literature, we hypothesised that the effect
of birthplace on perinatal and maternal morbidity, use of
obstetric interventions and the likelihood of a spontan-
eous, uncomplicated birth would not differ by parity.
Methods
A cohort study with a matched control group was
conducted between March 2004 and October 2008, with
consecutive sampling of data on 839 women intending
birth in an FMU and a matched control group of 839
women intending birth in an OU. A detailed account of
the study methodology is published elsewhere [37].
As the primary outcome for this analysis of effect
modification by parity, we chose the composite outcome
“a spontaneous, uncomplicated birth leaving both
mother and infant in good condition”, which was devel-
oped and used in another substudy [48]. The outcome
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was defined by the following criteria: spontaneous onset
of labour at 37 through 42 gestational weeks leading to
spontaneous birth of an infant with a minimum Apgar
score of 9 at 5 min combined with the absence of caesar-
ean section, instrumental delivery, medical augmentation
of labour, episiotomy, shoulder dystocia, third/fourth-
degree perineal tearing, uterine rupture, retained pla-
centa and postpartum bleeding >500 ml. Given that a
women undergoing caesarean section in her first birth
has a higher risk of complications, caesarean section
and adverse outcomes in subsequent births [19, 49–54],
caesarean section was chosen as a further primary out-
come measure.
Secondary outcomes included admission to a neonatal
intensive care unit (NICU) within the first 24 h postpar-
tum, infant readmission 0–28 days postpartum, Apgar
score of <9 at 5 min, intact perineum, third/fourth-
degree tearing, maternal readmission, instrumental
delivery, augmentation of labour, epidural analgesia,
water birth and upright birth position.
Setting
The overall study cohort was derived from data from
two freestanding midwifery units and two obstetric units
located in the North Denmark Region. In both types of
setting, care for low-risk women was provided by mid-
wives and all units followed the same multidisciplinary
guidelines for referral and transfer.
All specialist obstetric services in the region were
located at the two participating OUs, one of which was a
highly specialised unit with approximately 3500 births a
year, the other was in a regional hospital with approxi-
mately 1400 yearly births.
The two FMUs were located adjacent to community
hospitals without on-site obstetric services, although,
contrary to what is the case in some FMUs, intensive
care and anaesthesiology services were available in case
of emergencies. The average numbers of births in the
FMUs were 170 and 130 annually. In case of complica-
tions, indication hereof or need for pharmacological pain
relief, the woman and/or infant were transferred to the
nearest OU/NICU. Transfers to OUs were by ambulance
(although in non-urgent cases often in the family’s own
car) with minimum transfer times of 25 and 35 min. To
ensure the safety of women and infants, midwives in the
FMUs were required to have completed obstetric
emergency training and have at least 2 years of relevant
work experience.
Care in the participating FMUs was characterised by
one-to-one care and continuous support throughout
labour, while this was usually not available until late in
the first stage of labour in the participating OUs.
Furthermore, midwives in the FMUs provided antenatal
and intrapartum care in a team care model that
increased the possibility that the women during birth
would be cared for by a midwife they were familiar with.
Unit characteristics and differences in care concepts
are more fully explained elsewhere [37].
Participants
The overall study sample comprised 1678 women with
low-risk pregnancies, intending birth in one of the
participating FMUs (primary participants, n = 839) or
OUs (matched controls, n = 839) during the 3.5-year
study period.
All women who opted for birth in the FMUs were
admitted on the basis of the rigorous criteria set out in
regional guidelines according to which the women were
considered to be at low obstetric risk if they presented
with spontaneous onset of labour between 37 + 0 and
41 + 6 weeks of gestation following an uncomplicated
pregnancy, with no condition to increase the risk of
obstetric complications. A similar definition of low-risk
criteria was later outlined in the National Institute for
Health and Care Excellence (NICE) intrapartum care
guidelines [55].
Each woman in the FMU group was matched with a
woman intending to give birth in the nearest OU, thus
forming the control group. The matching criteria were:
low-risk status, parity, body mass index (BMI), age,
smoking status, ethnicity, cohabitation status, education
level and occupation level. Women intending OU birth
were included in the control group only if they repre-
sented a strict match on all nine criteria at the start of
care in labour (details presented in Table 1). The match-
ing yielded two fully comparable groups, as exhaustively
described in [37].
Data collection
In each of the participating units one or two midwives
acted as project staff. Following our written instructions,
data on sociodemographic characteristics, present and
previous pregnancies and births, neonatal outcomes and
transfers were collected.
Approval for this study was obtained from the Danish
Data Protection Agency, (reference number: 2005-41-
5352). Ethical approval is not needed for this type of
study. The collection and management of data were
carried out in strict accordance with Danish legislation
on personal data processing [56].
Statistical analysis
For this secondary data analysis, the two overall groups
were dichotomised by parity for subgroup analysis to
test for effect modifications. While no separate power
calculations were performed for this study, the power
calculations that were carried out as part of the overall
study are accounted for in [37].
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For all outcome measures, odds ratios and effect ratios
with 95% confidence intervals were determined for
matched pairs (overall and stratified by parity) by condi-
tional logistic regression analysis. Calculated p-values
were two-sided and considered statistically significant
when below 0.05. All data were analysed in accordance
with the intention-to-treat principle, using STATA soft-
ware version 11.
Results
Of the 1678 low-risk women in our data set, 430 (25.6%)
were primiparous, while 1248 (74.4%) were multiparous.
None were lost to follow-up (see Additional file 1: study
flow chart). Table 2 presents the results of conditional
logistic regression analysis of the parity-induced sub-
groups and effect differences.
Primary outcomes
Overall, women intending birth in an FMU were signifi-
cantly more likely to have a spontaneous, uncomplicated
birth with good outcome for both mother and infant,
compared to women in the OU group (OR 2.6; 95% CI
2.0–3.4). Analysis by parity confirmed this effect of place
of birth for both primiparous (OR 2.2; CI 1.4–3.3) and
multiparous women (OR 2.9; CI 2.0–4.2). The effect for
primiparous and multiparous women was not signifi-
cantly different (OR 0.7; CI 0.4–1.3).
Compared with women planning to give birth in an
OU, women in the FMU group were significantly less
likely to undergo caesarean section (OR 0.5; CI 0.3–0.9),
an effect which was confirmed for primiparous women
(OR 0.4, CI 0.2–0.9). A similar trend was also found for
multiparous women (OR 0.8; CI 0.3–2.2) although the
difference was non-significant. The statistical analysis
revealed no significant difference in effect between
the parity-induced subgroups (effect ratio OR 0.6; CI
0.2–2.1).
Secondary perinatal outcomes
There were no overall, statistically significant differences
in Apgar score <9/5 min, NICU admission >24 h or
infant readmission between the two groups; nor were
any found in the comparison of groups by parity.
Secondary maternal outcomes
Women in the FMU group were significantly more likely
than women in the OU group to have an intact
perineum after delivery (OR 1.3; CI 1.1–1.6), while no
significant difference was found for third/fourth-degree
tears (OR 0.8; CI 0.4–1.4). In similarity to the findings of
the overall study, multiparous women in the FMU group
were significantly more likely to avoid perineal injury
compared to the corresponding OU group (OR 1.3; CI
1.02–1.7). While failing to reach statistical significance,
the same trend was found for primiparous women (OR
1.3; CI 0.9–1.9). The effect ratio was OR 1.0; CI 0.6–1.6.
For third/fourth-degree tearing, no significant effect
differences were found between subgroups.
Compared to the women in the OU group, women in
the FMU group were significantly less likely to be
readmitted within 28 days postpartum (OR 0.6; CI 0.4–
0.99). The same applied for the primiparous women (OR
0.3; CI 0.1–0.9), while a similar trend for multiparous
women did not reach statistical significance (OR 0.8; CI
0.4–1.4). No significant effect difference by parity was
found (effect ratio OR 0.4; CI 0.1–1.3).
Birth interventions
A comparison of women in the FMU group with women
in the OU group showed the former to have significantly
fewer instrumental deliveries (OR 0.4; CI 0.2–0.6) and
augmentations of labour (OR 0.4; CI 0.3–0.5). Similar
significant results were obtained when comparing the
two groups by parity. Instrumental deliveries were thus
Table 1 Distribution of matching characteristics by birthplace
Characteristics FMU
(n = 839)
OU
(n = 839)
N (%) N (%)
Risk status
Low obstetric risk 839 (100) 839 (100)
Parity
Primiparous women 215 (25.6) 215 (25.6)
Multiparous women 624 (74.4) 624 (74.4)
Smoking status
Non-smokers 684 (81.5) 684 (81.5)
Smokers 155 (18.5) 155 (18.5)
Ethnicity
Nordic or Western European 805 (96) 809 (96.4)
Other ethnicity 34 (4.0) 30 (3.6)
Cohabitation status
Living with partner 815 (97.1) 819 (97.6)
Living alone 24 (2.9) 20 (2.4)
Education level
No postsecondary education 230 (27.4) 230 (27.4)
Postsecondary education 609 (72.6) 609 (72.6)
Occupation level
Low level of employmenta 535 (63.8) 535 (63.8)
High level of employment 304 (36.2) 304 (36.2)
Mean (SD) Mean (SD)
Body Mass Index (BMI)b 24.2 (3.9) 24.0 (3.9)
Ageb 29.4 (4.6) 30.2 (4.5)
aUnskilled work, vocational work or work requiring 1–2 years of
postsecondary education
bMatched within a range of +/- 5
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significantly less frequent among primiparous (OR 0.4;
CI 0.2–0.7) and multiparous (OR 0.3; CI 0.1–0.9)
women in the FMU group, compared to their OU
counterparts. The same applied for labour augmentation:
primiparas (OR 0.4; CI 0.3–0.6) and multiparas (OR 0.3;
CI 0.2–0.5). Effect ratios failed to show significant differ-
ences for instrumental delivery (OR 1.5; CI 0.4–6.2) and
labour augmentation (OR 1.3; CI 0.6–2.7).
Other secondary outcomes
Epidural analgesia was used significantly less frequently
in FMUs compared to OUs (OR 0.3; CI 0.2–0.5). Similar
significant trends were found for primiparous (OR 0.4;
CI 0.3–0.8) and multiparous (OR 0.2; CI 0.1–0.4)
women (effect ratio OR 2.5; CI 0.9–7.0).
Conversely, water birth (OR 2.6; CI 1.9–3.5) and up-
right birth position (OR 1.9; CI 1.4–2.5) were signifi-
cantly more prevalent in the FMU group than in the OU
group. For water birth, the effect was confirmed for both
primiparas (OR 2.4; CI 1.2–4.6) and multiparas (OR 2.7;
CI 1.9–3.8). The effect ratio was OR 0.9; CI 0.4–1.9. A
significantly higher incidence of upright birth position
was also found among multiparous women in the FMU
group (OR 1.9; CI 1.4–2.7), while a similar although
non-significant trend was found for primiparous
women (OR 1.5; CI 0.8–3.1). The effect ratio was OR
0.8; CI 0.4–1.7.
Transfers
Of the 839 women in the FMU group, 124 (14.8%) were
transferred to an OU during birth or within 2 h after
birth, but substantial differences in transfer rates were
observed between primiparas and multiparas. Thus,
36.7% of primiparas were transferred, compared with
7.2% of multiparas. As shown in Fig. 1, primiparas’
transfer rate declined from 44.4% in 2004 to 24.6% in
2006, while little change was seen for multiparous
women.
As Fig. 2 shows, the transfer rates for FMU 1, which
had opened a year before the initiation of the Danish
birth centre study, declined steadily during the study
period, while transfers remained at a high level during
the first year for FMU 2, which had opened in March
2004 (when the inclusion period began). After the
first year, a sharp and steady decline was seen. In
both FMUs, the study period saw slight declines in
the incidence of Apgar score <7 at 1 min and post-
partum bleeding >500 ml.
Regardless of parity, the most common reason for
transfer was slow progress of labour. However, the over-
all transfer rate on this indication declined from 50 to
33.3% over the study period, while transfer rates for each
of the other indications fluctuated slightly around a
mean rate. For primiparas, slow progress in the first or
second stages of labour alone accounted for more than
Table 2 Effect of birthplace on birth outcomes by parity
Primiparous women
FMU/OU
(n = 215)/(n = 215)
Multiparous women
FMU/OU
(n = 624)/(n = 624)
Effect ratio
Primiparas/multiparas
OR (95% CI) OR (95% CI) OR (95% CI)
Primary outcomes
Uncomplicated birth 2.2 (1.4–3.3) 2.9 (2.0–4.2) 0.7 (0.4–1.3)
Caesarean section 0.4 (0.2–0.9) 0.8 (0.3–2.2) 0.6 (0.2–2.1)
Secondary outcomes
Perinatal:
Apgar score <9/5 min 0.6 (0.2–1.9) 0.8 (0.4–1.9) 0.8 (0.2–3.0)
NICU admission <24 h 0.8 (0.4–1.9) 0.7 (0.3–1.8) 1.2 (0.3–4.3)
Infant readmission 0.4 (0.1–1.4) 0.7 (0.4–1.3) 0.6 (0.2–2.2)
Maternal:
Intact perineum 1.3 (0.9–1.9) 1.3 (1.02–1.7) 1.0 (0.6–1.6)
3rd-4th degree tear 0.9 (0.4–2.0) 0.6 (0.2–1.7) 1.7 (0.4–6.4)
Maternal readmission 0.3 (0.1–0.9) 0.8 (0.4–1.4) 0.4 (0.1–1.3)
Other:
Instrumental delivery 0.4 (0.2–0.7) 0.3 (0.1–0.9) 1.5 (0.4–6.2)
Augmentation of labour 0.4 (0.3–0.6) 0.3 (0.2–0.5) 1.3 (0.6–2.7)
Epidural analgesia 0.4 (0.3–0.8) 0.2 (0.1–0.4) 2.5 (0.9–7.0)
Water birth 2.4 (1.2–4.6) 2.7 (1.9–3.8) 0.9 (0.4–1.9)
Upright position for birth 1.5 (0.8–3.1) 1.9 (1.4–2.7) 0.8 (0.4–1.7)
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half of transfers (53.2%; Fig. 3). For multiparas, 28.9%
of transfers were carried out on this indication, the
second most frequent reason being postpartum haem-
orrhage >500 ml (17.8%).
Discussion
Main findings
Low-risk primiparous women intending to give birth in an
FMU rather than in an OU were found to have a signifi-
cantly higher incidence of a spontaneous, uncomplicated
birth with good outcomes for mother and infant and
significantly lower risk of intrapartum caesarean section.
These women were furthermore significantly less likely to
require labour augmentation, epidural analgesia, instru-
mental delivery or hospital readmission, while they were
more likely to have a water birth. We found no indication
that parity modified the effect of birthplace on the mater-
nal and perinatal birth outcomes under investigation. As
for transfer rates, substantial differences were observed
between primiparous and multiparous women (36.7 and
7.2%, respectively), with slow progress of labour being the
most frequent reason, irrespective of parity.
Strengths
An overall strength of the study is that all participating
units operated under identical practice guidelines, in a
publicly funded health care system with midwives as
primary care providers for all low-risk births, thus
minimising confounding by differences across birth set-
tings in clinical practice, care provision and economic
determinants of birthplace. Similarly, confounding due
to differences in obstetric risk factors was of little con-
cern as all the included women were assessed to be at
low risk at the start of care in labour.
Moreover, a major strength of this study is the inclu-
sion of all eligible women admitted to the participating
FMUs during the study period, with no loss to follow-
up, thereby providing a complete, high-quality data set.
44.4
38.3
24.6
7 9.3 5.7
2004 2005 2006
Primiparas Multiparas
Fig. 1 Yearly transfer rates by parity
0
5
10
15
20
25
2004 2005 2006
Women transferred from FMU 1, opened 2003
Women transferred from FMU 2, opened 2004
Total number of women transferred
Infants born with Apgar score <7/1
Postpartum bleeding >500ml
Fig. 2 Transfer rates by FMU and rates of Apgar scores <7/1 and postpartum bleeding >500 ml
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Limitations
The non-randomised design represents an important
limitation of the study. Despite the close matching on
potential confounding factors and the restriction to
low-risk women, the possibility of residual confound-
ing cannot be excluded given the observational study
design.
Further, an unexpected closure of the two participating
FMUs posed a major challenge to the original study,
preventing the harvest of the originally intended data
amount. However, post hoc recalculation revealed only a
modest loss of statistical power. Additional details are
described in previous publications [37, 48]. As for the
subgroup analysis presented here, primiparous women
constituted only 25.6% of all participants; it may thus be
questioned whether the statistical power of our study is
sufficient to detect true differences between subgroups.
The risk is nonetheless considered low, as the confi-
dence intervals are relatively narrow.
A further potential limitation is the age of our dataset.
However, the rigorous assessment criteria used for low
obstetric risk are in line with the more recent and inter-
nationally accepted NICE guidelines [55] and may thus
be considered up-to-date. The potential confounders,
such as maternal age and pregestational BMI, have
moreover maintained a steady level among women in
the region [57, 58].
Interpretation of findings
Patient safety has been a central issue in debates over
care in FMUs [32–35], with primiparas attracting special
attention due to their relatively high rate of obstetric
complications and transfers. Our study found no sig-
nificant effect differences by parity for any of the in-
vestigated maternal and perinatal outcomes, indicating
that FMUs serve primiparous and multiparous women
equally well.
Freestanding midwifery units aim to offer low-risk
women a choice among birth places without comprom-
ising safety for themselves or their infants. Severe com-
plications and adverse outcomes are, however, difficult
to measure in studies comparing different birth settings,
as their occurrence is rare in women at low obstetric
risk. The use of a strictly positive composite outcome
allowed us to capture rare events. The finding that
intention to give birth in an FMU rather than in an OU
more than doubled their chance of having a spontan-
eous, uncomplicated birth with good outcome for
mother and infant should be reassuring for primiparous
women. Optimal positive outcomes of birth are thus
entirely attainable for women attracted by alternatives to
birth in a traditional OU setting.
For primiparous women planning to give birth in an
FMU, the likelihood of intrapartum caesarean section
was 60% lower than for primiparas planning to give birth
in an OU. This result is consistent with the findings of
the extensive Birthplace in England study and the
research on freestanding midwifery units in Quebec
[8, 44]. The result is likewise in line with the reduced
use of interventions for all women generally documented
by studies of care in FMUs [59]. It is increasingly being
recognised that the mode of delivery in the first birth
influences delivery mode and outcomes in subsequent
births [19, 49–53, 60, 61]. This strongly suggests that the
key to curbing the increasing use of caesarean section lies
in preventing the need for first-birth caesarean deliveries
[20–23, 25, 26]. This stresses the importance of our
finding of a substantial reduction in caesarean section
among primiparous women.
The main difference between primiparous and multi-
parous women was found in their respective transfer rates.
Our finding of markedly higher rates for primiparas than
for multiparas corroborates earlier work [36, 45, 46]. The
studies cited also agree with our finding that the most
Slow progress of labour (53.2 %)* Complicated perineal trauma (12.7 %)
Meconium-stained amniotic fluid (11.4 %) Fetal heart rate abnormality (6.3 %)
Request for epidural analgesia (6.3 %) Abnormal fetal presentation (5.1 %)
Prolonged latent phase (3.8 %)** Retained placenta/postpartum bleeding >500 ml (1.3 %)
Fig. 3 Reasons for transfer during labour or <2 h postpartum: primiparas. *Defined as no progress for >2 h in 1st stage or active pushing for >2 h
in 2nd stage. **Defined as painful contractions >24 h and cervical dilation <3 cm
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frequent indication for transfer in both primiparous and
multiparous women was a slow progress of labour. For
safety reasons, the criteria for transfer on the indica-
tion of slow labour progress were rather strict in the
participating FMUs (no progress for 2 h, see Fig. 3),
which is likely to have contributed to the high trans-
fer rate on this indication.
This study is the first to report the finding of a steep
decline in overall transfer rates for primiparous women
during the relatively short period of 2.5 years. As this
occurred simultaneously with a decline in transfers of
primiparous women on indication of slow progress of
labour, we find this development likely to reflect the
increasing experience gained by midwives in supporting
normal birth and the positive influence of feedback from
regular multidisciplinary audits with attendance of both
FMU and OU staff. Another contributing reason may be
that part of the FMU 2 data were collected from its
opening day and thus during the units start-up phase, in
which it may have been underperforming.
The decline in transfer rates was not associated with a
concomitant increase in the incidence of Apgar score <7
at 1 min and postpartum haemorrhage >500 ml. In
general, our results on maternal and perinatal outcomes
suggest that the referral and transfer system represents
an effective safety net to support both primiparous and
multiparous women wishing to give birth in an FMU.
Overall, the present study adds to the limited body of
evidence concerning the suitability of care in FMUs for
primiparous women. Our findings may be relevant to
birthing women as well as to health professionals and
policy makers in the planning of maternity care services.
The results of this and similar research suggest that,
regardless of parity, care in an FMU is a safe alternative
to care in an OU for low-risk women, and that care in
FMUs offers important benefits for both primiparous
and multiparous women. Furthermore, the reported
reduction in caesarean delivery, both overall and in
primiparous childbirth, indicates that FMUs may hold
an untapped potential to halt or even reverse the global
rise in the use of caesarean section.
Attempts to extend the validity of our results to other
populations and regions should be regarded with circum-
spection. The participants in this study were drawn from
an ethnically and culturally homogenous population of
women with free access to all national maternity care
services and; our results may therefore not be directly
applicable to relatively more diverse populations. The
quality and safety measures implemented in the
participating units should also be taken into account. We
would emphasize the importance of the training and experi-
ence of FMU midwives in managing obstetric emergencies,
the high standard of transfer guidelines and the regular
audits between FMU and OU staff on the quality of care.
Conclusions
Irrespective of parity, the intention to give birth in an
FMU rather than in an OU significantly raised the likeli-
hood of having a spontaneous, uncomplicated birth with
good outcome for mother and infant. No effect differences
by parity were found for any outcome. For primiparas, the
likelihood of intrapartum caesarean section was less than
half in FMUs than in OUs. Transfer rates for multiparas
were moderate and stable during the study period, while
primiparas were transferred far more often although num-
bers declined substantially over the study period.
Our results indicate that care in FMUs offers advan-
tages over care in OUs to both primiparous and multip-
arous mothers, while their infants are equally safe in
both settings. The provision of care in FMUs as an alter-
native to care in OUs for all low-risk women, regardless
of parity, thus finds support here.
Additional file
Additional file 1: Study flow chart. (DOCX 80 kb)
Abbreviations
BMI: Body mass index; FMU: Freestanding midwifery unit; NICE: National
Institute for Health and Care Excellence; NICU: Neonatal intensive care unit;
OU: Obstetric unit
Acknowledgements
We thank the dedicated project staff for their important contribution to the
study and physicians and midwives at the participating units for
collaboration and support.
Funding
No specific funding was provided for this substudy. The overall study was
funded by grants from the Augustinus Foundation, the Obel Family
Foundation, the Oticon Foundation, the University College North Jutland
Research and Development Fund, and the Danish Association of Midwives,
all of which are gratefully acknowledged. The study’s funders had no
influence on the design of the study, the collection, analysis or interpretation
of data, the writing of the manuscript, or its submission for publication.
Availability of data and material
Restrictions apply to the availability of these data, which were collected
according to a specific contract with the included four maternity units and
used under license for the current study, and so are not publicly available.
Authors’ contributions
CO and LFC developed the study concept. CO managed and analysed the
data while the results were interpreted by both authors. LFC prepared the
first draft of the paper; subsequent critical revisions and approval of the final
version of the manuscript are their joint responsibility.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Approval for this study was obtained from the Danish Data Protection
Agency, (reference number: 2005-41-5352). Ethical approval is not needed for
this type of study. The collection and management of data were carried out
in strict accordance with Danish legislation on personal data processing [56].
Christensen and Overgaard BMC Pregnancy and Childbirth  (2017) 17:14 Page 8 of 10
Received: 7 October 2016 Accepted: 28 December 2016
References
1. Vahratian A, Hoffman MK, Troendle JF, Zhang J. The impact of parity on
course of labor in a contemporary population. Birth. 2006;33(1):12–7.
2. Nesheim BI. Duration of labor. An analysis of influencing factors.
Acta Obstet Gynecol Scand. 1988;67(2):121–4.
3. Schiessl B, Janni W, Jundt K, Rammel G, Peschers U, Kainer F. Obstetrical
parameters influencing the duration of the second stage of labor. Eur J Obstet
Gynecol Reprod Biol. 2005;118(1):17–20.
4. Ould El Joud D, Bouvier-Colle MH, MOMA group. Dystocia: a study of its
frequency and risk factors in seven cities of west Africa. Int J Gynaecol Obstet.
2001;74(2):171–8.
5. Selin L, Wallin G, Berg M. Dystocia in labour – risk factors, management
and outcome: a retrospective observational study in a Swedish setting.
Acta Obstet Gynecol Scand. 2008;87(2):216–21.
6. Hashim N, Naqvi S, Khanam M, Jafry HF. Primiparity as an intrapartum
obstetric risk factor. J Pak Med Assoc. 2012;62(7):694–8.
7. Malkiel A, Pnina M, Aloni H, Gdansky E, Grisaru-Granovsky S. Primiparity:
a traditional intrapartum obstetric risk reconfirmed. Isr Med Assoc J.
2008;10(7):508–11.
8. Brocklehurst P, Hardy P, Hollowell J, Linsell L, Macfarlane A, McCourt C,
Marlow N, Miller A, Newburn M, Petrou S, Puddicombe D, Redshaw M,
Rowe R, Sandall J, Silverton L, Stewart M. Perinatal and maternal
outcomes by planned place of birth for healthy women with low risk
pregnancies: the Birthplace in England national prospective cohort
study. BMJ. 2011;343:d7400.
9. Kwee A, Elferink-Stinkens PM, Reuwer PJ, Bruinse HW. Trends in obstetric
interventions in the Dutch obstetrical care system in the period 1993-2002.
Eur J Obstet Gynecol Reprod Biol. 2007;132(1):70–5.
10. Dahlen HG, Schmied V, Dennis C, Thornton C. Rates of obstetric
intervention during birth and selected maternal and perinatal outcomes
for low risk women born in Australia compared to those born overseas.
BMC Pregnancy Childbirth. 2013;13:100.
11. do Carmo Leal M, Pereira APE, Domingues RMSM, Theme Filha MM,
Dias MAB, Nakamura-Pereira M, Bastos MH, da Gama SGN. Obstetric
interventions during labor and childbirth in Brazilian low-risk women.
Cad Saude Publica. 2014;30 Suppl 1:S1–16.
12. Waldenström U. Experience of labor and birth in 1111 women. J Psychosom Res.
1999;47(5):471–82.
13. Rijnders M, Baston H, Schönbeck Y, van der Pal K, Prins M, Green J,
Buitendijk S. Perinatal factors related to negative or positive recall of
birth experience in women 3 years postpartum in the Netherlands. Birth.
2008;35(2):107–16.
14. Ayers S, Pickering AD. Women's expectations and experience of birth.
Psychol Health. 2005;20(1):79–92.
15. Vogel JP, Betrán AP, Vindevoghel N, Souza JP, Torloni MR, Zhang J, Tunçalp Ö,
Mori R, Morisaki N, Ortiz Panozo E, Hernandez B, Pérez Cuevas R, Qureshi Z,
Gülmezoglu AM, Temmerman M. Use of the Robson classification to assess
caesarean section trends in 21 countries: a secondary analysis of two WHO
multicountry surveys. Lancet Glob Health. 2015;3(5):e260–70.
16. Flamm BL. Cesarean section: a worldwide epidemic? Birth.
2000;27(2):139–40.
17. Niino Y. The increasing cesarean rate globally and what we can do about it.
Biosci Trends. 2011;5(4):139–50.
18. The Danish Health Data Authority. [http://www.esundhed.dk/
sundhedsregistre/MFR/Sider/MFR.aspx]. Accessed 20 Nov 2016.
19. Roberts CL, Algert CS, Ford JB, et al. Pathways to a rising caesarean
section rate: a population-based cohort study. BMJ Open. 2012;2:e001725.
doi:10.1136/bmjopen-2012-001725.
20. Stavrou EP, Ford JB, Shand AW, Morris JM, Roberts CL. Epidemiology and
trends for Caesarean section births in New South Wales, Australia:
a population-based study. BMC Pregnancy Childbirth. 2011;11:8.
21. Delbaere I, Cammu H, Martens E, Tency I, Martens G, Temmerman M.
Limiting the caesarean section rate in low risk pregnancies is key to
lowering the trend of increased abdominal deliveries: an observational
study. BMC Pregnancy Childbirth. 2012;12:3.
22. Barčaitė E, Kemeklienė G, Railaitė DR, Bartusevičius A, Maleckienė L,
Nadišauskienė R. Cesarean section rates in Lithuania using Robson ten
group classification system. Medicina. 2015;51(5):280–5.
23. Brennan DJ, Robson MS, Murphy M, O'Herlihy C. Comparative analysis of
international cesarean delivery rates using 10-group classification identifies
significant variation in spontaneous labor. Am J Obstet Gynecol. 2009;201(3):
308.e1–8.
24. Kelly S, Sprague A, Fell DB, Murphy P, Aelicks N, Guo Y, Fahey J, Lauzon L,
Scott H, Lee L, Kinniburgh B, Prince M, Walker M. Examining caesarean
section rates in Canada using the Robson classification system. J Obstet
Gynaecol Can. 2013;35(3):206–14.
25. Kazmi T, Saiseema S, Khan S. Analysis of Cesarean section rate - according
to Robson’s 10-group classification. Oman Med J. 2012;27(5):415–7.
26. Chong C, Su LL, Biswas A. Changing trends of cesarean section births by the
Robson ten group classification in a tertiary teaching hospital. Acta Obstet
Gynecol Scand. 2012;91(12):1422–7.
27. Tan JKH, Tan EL, Kanagalingan D, Tan LK. Rational dissection of a high
institutional cesarean section rate: an analysis using the Robson ten group
classification system. J Obstet Gynaecol Res. 2015;41(4):534–9.
28. Johanson R, Newburn M, Macfarlane A. Has the medicalisation of childbirth
gone too far? BMJ. 2002;324(7342):892–5.
29. Wagner M. Fish can't see water: the need to humanize birth. Int J Gynaecol Obstet.
2001;75 Suppl 1:S25–37.
30. Tracy SK, Sullivan E, Wang YA, Black D, Tracy M. Birth outcomes associated
with interventions in labour amongst low risk women: a population-based
study. Women Birth. 2007;20(2):41–8.
31. Rowe R. Birthplace terms and definitions: consensus process. Birthplace in
England research programme. Final report part 2, NIHR Service Delivery and
Organisation programme. 2011.
32. Fell G, Haroon S. Learning from a rapid health impact assessment of a proposed
maternity service reconfiguration in the English NHS. BMC Public Health.
2008;8:138.
33. Drife J. Do we have enough evidence to judge midwife led maternity units
safe? No BMJ. 2007;335(7621):643.
34. Muthu V, Fischbacher C. Free-standing midwife-led maternity units: a safe
and effective alternative to hospital delivery for low-risk women? Evidence-
Based Healthcare & Public Health. 2004;8(6):325–31.
35. Argent V. Pre-hospital risks of the reconfiguration of obstetric services. Clin
Risk. 2010;16(2):52–5.
36. Rowe RE. Duration and urgency of transfer in births planned at home and
in freestanding midwifery units in England: secondary analysis of the
birthplace national prospective cohort study. BMC Pregnancy Childbirth.
2013;13:224.
37. Overgaard C, Møller AM, Fenger-Grøn M, Knudsen LB, Sandall J.
Freestanding midwifery unit versus obstetric unit: a matched cohort study
of outcomes in low-risk women. BMJ Open. 2011;1(2), e000262.
38. Monk A, Tracy M, Foureur M, Grigg C, Tracy S. Evaluating Midwifery
Units (EMU): a prospective cohort study of freestanding midwifery units in
New South Wales, Australia. BMJ Open. 2014;4(10), e006252.
39. Jackson DJ, Lang JM, Swartz WH, Ganiats TG, Fullerton J, Ecker J, Nguyen U.
Outcomes, safety, and resource utilization in a collaborative care birth
center program compared with traditional physician-based perinatal care.
Am J Public Health. 2003;93(6):999–1006.
40. Stone PW. Maternity care outcomes: assessing a nursing model of care for
low-risk pregnancy. Outcomes Manag Nurs Pract. 1998;2(2):71–5.
41. Macfarlane AJ, Rocca-Ihenacho L, Turner LR. Survey of women’s experiences
of care in a new freestanding midwifery unit in an inner city area of
London, England: 2. Specific aspects of care. Midwifery. 2014;30(9):1009–20.
42. Overgaard C, Fenger-Grøn M, Sandall J. The impact of birthplace on
women’s birth experiences and perceptions of care. Soc Sci Med. 2012;
74(7):973–81.
43. Smith LA, Price N, Simonite V, Burns EE. Incidence of and risk factors for
perineal trauma: a prospective observational study. BMC Pregnancy
Childbirth. 2013;13:59.
44. Fraser W, Hatem-Asmar M, Krauss I, Maillard F, Bréart G, Blais R. Comparison
of midwifery care to medical care in hospitals in the Quebec pilot projects
study: clinical indicators. L'Equipe dEvaluation des Projets-Pilotes Sages-Femmes.
Can J Public Health. 2000;91(1):I5–11.
45. Garite TJ, Snell B, Walker D, Darrow V. Development and experience
of a University based, freestanding birthing center. Obstet Gynecol.
1995;86(3):411–6.
46. Rooks JP, Weatherby NL, Ernst EK. The National Birth Center Study.
Part II–Intrapartum and immediate postpartum and neonatal care.
J Nurse Midwifery. 1992;37(5):301–30.
Christensen and Overgaard BMC Pregnancy and Childbirth  (2017) 17:14 Page 9 of 10
47. Børdahl P, Kakad M, Kumle M, Lie RT, Moster D, Myrhaug HT, Schmidt N.
Jordmorstyrte fødestuer. Rapport. Oslo: Kunnskapssenteret; 2006.
48. Charlotte O. Freestanding midwifery units versus obstetric units: does the
effect of place of birth differ with level of social disadvantage? BMC Public Health.
2012;12:478.
49. Hemminki E, Shelley J, Gissler M. Mode of delivery and problems in
subsequent births: a register-based study from Finland. Am J Obstet
Gynecol. 2005;193(1):169–77.
50. Taylor LK, Simpson JM, Roberts CL, Olive EC, Henderson-Smart DJ. Risk of
complications in a second pregnancy following caesarean section in the
first pregnancy: a population-based study. Med J Aust. 2005;183(10):515–9.
51. Kennare R, Tucker G, Heard A, Chan A. Risks of adverse outcomes in the
next birth after a first cesarean delivery. Obstet Gynecol. 2007;109(2):270–6.
52. Gurol-Urganci I, Cromwell DA, Edozien LC, Smith GCS, Onwere C, Mahmood TA,
Templeton A, van der Meulen JH. Risk of placenta previa in second
birth after first birth cesarean section: a population-based study and
meta-analysis. BMC Pregnancy Childbirth. 2011;11:95.
53. Smith GCS, Pell JP, Dobbie R. Caesarean section and risk of unexplained
stillbirth in subsequent pregnancy. Lancet. 2003;362(9398):1779–84.
54. Lydon-Rochelle M, Holt VL, Easterling TR, Martin DP. First-birth cesarean
and placental abruption or previa at second birth(1). Obstet Gynecol.
2001;97(5 Pt 1):765–9.
55. National Institute for health and clinical excellence (NICE): Intrapartum Care:
Care of healthy women and their babies during childbirth. London: RCOG
Press; 2007.
56. Justitsministeriet. Lov nr. 429 om behandling af personoplysninger af 31/05/2000.
Denmark: Copenhagen; 2000.
57. Statistics Denmark. [http://www.statistikbanken.dk/statbank5a/default.
asp?w=1366]. Accessed 11 Sept 2016.
58. The Health of Danes. [http://www.danskernessundhed.dk/]. Accessed 11
Sept 2016.
59. Davis D, Baddock S, Pairman S, Hunter M, Benn C, Wilson D, Dixon L,
Herbison P. Planned place of birth in New Zealand: Does it affect mode of
birth and intervention rates among low-risk women? Birth. 2011;38(2):111–9.
60. Chen JS, Ford JB, Ampt A, Simpson JM, Roberts CL. Characteristics in the
first vaginal birth and their association with mode of delivery in the
subsequent birth. Paediatr Perinat Epidemiol. 2013;27(2):109–17.
61. Melamed N, Ben-Haroush A, Chen R, Pardo J, Hod M, Yogev Y. Pregnancy
outcome and mode of delivery after a previous operative vaginal delivery.
Obstet Gynecol. 2009;114(4):757–63.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Christensen and Overgaard BMC Pregnancy and Childbirth  (2017) 17:14 Page 10 of 10
